Spiro[cyclohexane-1,3'-indoline]-2,2'-diones were easily prepared in good to high yields by the oxidation of N-aryl-N-methyl-2-oxocyclohexane-1-carboxamides in one pot with a short reaction time. The spiroindolinediones could be important for the total synthesis of natural products.
conditions and techniques. In the course of these studies, we envisioned that the oxidation of N-aryl-2-oxocyclohexane-1-carboxamide might give spiro[cyclohexane-1,3'indoline]-2,2'-diones via the formal 5-exo-trig cyclization. In order to confirm the hypothesis, N-methyl-2-oxo-Nphenylcyclohexane-1-carboxamide (1a) was prepared by the direct condensation of N-methylaniline with ethyl 2-oxocyclohexane-1-carboxylate and subjected to the Mn(III)-based oxidation.
The reaction was carried out in AcOH at room temperature using a stoichiometric amount of Mn(OAc) 3 . Although the oxidant was consumed for 2 days, the desired product 2a was obtained as a racemic mixture in a low yield from the reaction mixture (Scheme 1 and Table 1 , Entry 1). A typical methine peak at δ 3.23 (1H, dd, J = 11.6, 5.8 Hz, H-1) and one of the ortho aromatic protons at δ 7.17 (2H, dd, J = 8.5, 1.4 Hz) in the 1 H NMR spectrum of 1a disappeared in that of 2a. In addition, a typical methine carbon at δ 54.9 in the 13 C NMR spectrum of 1a became a spiro quaternary carbon at δ 63.4, and furthermore, five aromatic C-H carbons of 1a reduced to four in that of 2a. These spectroscopic data clearly showed that the desired cyclization took place, that is, the product 2a should be 1'-methylspiro[cyclohexane-1,3'-indoline]-2,2'-dione [15, 16] . Very recently, the same spirocyclic oxindole obtained by Cu(II)-mediated radical cross-dehydrogenative coupling using 1a was reported by Taylor et al. [17] and the spectroscopic data of 2a was in complete accordance with that of the reported compound. We were encouraged by the result, and optimized the Mn(III)-based reaction under various conditions (Entries 2-6). As a result, when the reaction was conducted using Mn(OAc) 3 (2.5 eq.) in boiling AcOH, the reaction finished within only 4 min and the spiroindolinedione 2a was produced in 69% maximum yield (Entry 5) which is similar to that of Taylor et al. (65% yield) in boiling toluene for 1.5 h. In order to apply the cyclization to other substituted oxocyclohexanecarboxamides, we examined the reactions of 1b-j [18] under the optimized conditions. Gratifyingly, the results were very good as expected, giving 75-96% isolated yields of the corresponding new spiroindolinediones 2b-j (Entries 7-15).
In conclusion, a simple and convenient one-pot synthesis of spiro[cyclohexane-1,3'-indoline]-2,2'-diones 2a-j was demonstrated. The spiro compounds would be important for the total synthesis of several natural products as the starting material [19] [20] [21] [22] . The scope of the reaction using the N-aryl-2-oxocycloalkane-1-carboxamides and synthetic applications using the spiro compounds are currently underway.
Experimental
Melting points were taken using a MP-J3 Yanagimoto micromelting point apparatus and are uncorrected. The IR Scheme 1 spectra were measured in CHCl 3 or KBr using a Shimadzu 8400 FT IR spectrometer and expressed in cm −1 . The NMR spectra were recorded using a JNM ECX 500 spectrometer at 500 MHz for the 1 H and at 125 MHz for 13 C, with tetramethylsilane as the internal standard. The chemical shifts are reported as δ values (ppm) and the coupling constants in Hz. The following abbreviations are used for the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; and brs, broad singlet for the NMR spectra. The high-resolution mass spectra using a JEOL JMS-700 MStation were obtained at the Instrumental Analysis Center, Kumamoto University, Kumamoto, Japan.
Preparation of Materials
A mixture of N-methylaniline (0.650 mL) and ethyl 2-oxocyclohexane-1-carboxylate (0.170 g) was heated under reflux for 24 h, and the crude products were separated by silica gel column chromatography eluting with EtOAc/ hexane/acetone (2:7:
Other 2-oxocyclohexane-1-carboxamides 1b-j were prepared according to a procedure similar to that described above. Manganese(III) acetate dihydrate, Mn(OAc) 3 •2H 2 O, was synthesized according to our modified method [14] . 
Oxidation of 2-Oxocyclohexane-1-carboxamides 1a-j
The general procedure for the reactions of the 2-oxocyclohexane-1-carboxamides 1a-j with Mn(OAc) 3 
